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Abstract. The numbers of the "7 + jet" events suitable for a determination of the gluon distribution 
' function f£ (x, Q 2 ) in a proton at the LHC for various intervals of x and Q 2 are estimated. The contributions 



of different background sources are studied. The values of discrimination powers between quark and gluon 
jets as well as between a single photon and the products of -K°,rj,uj and mesons decaying through 
the neutral channels are applied to estimate the final contributions of different event types to the "7 + 
jet" production in various intervals of x and Q 2 . The PYTHIA event generator was used to produce 
^ physical events for this analysis. 

PACS. 14.70.Dj Gluons - 14.20.Dh Protons and neutrons - 13.85.-t Hadron-induccd high- and super- 
high-energy interactions. 
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1 Introduction. 

The modeling of the production processes of many new particles (Higgs boson, SUSY particles) in the forthcoming 
LHC experiments as well as future physical analysis of corresponding measurement are heavily based on the knowledge 
of gluon distribution in a proton fg{x,Q 2 ) pQ . For this reason the study of the possibility of the measuring gluon 
density directly in the LHC experiments (especially in the kinematic region of small x and high Q 2 ) is of a big interest. 
One of the promising channels for this measurement is an inclusive prompt photon production [2] 

pp^Y' lr + X. (1) 

The region of photon transverse momentum P t 7 , reached by UA1 0, UA2 0], CDF [3j and DO experiments, 
extends up to Pf 1 w 60 GeV/c and, according to recent results up to Pf w 105 GeV/c. These data together with 
the later ones (see references in 0-^11]) an d E706 [201 , UA6 [22 results give, in principle, an opportunity for tuning 
the form of gluon distribution (see [13.16, 22,123)1. The rates and an estimation for cross sections of inclusive photon 
production at LHC are given in [2] (see also |24)1. 

Here we consider the process of a direct photon production in association with an opposite-side jet |12U13) (for 
experimental results see |25II26II27| 1 

pp^1 dir +jet + X. (2) 

In QCD leading order the processes JU and J2J are caused by two subprocesses 2 : the "Compton-like" scattering 

+ 1 (3) 

and the "annihilation" subprocess 

qq^ 9 + 7- (4) 
The first one gives a dominant contribution to the cross sections of 0) and J2J 8,12,13 and serves as "signal" 
subprocess due to its direct connection with the gluon distribution. 

The study of "7 + jet" process (J2J is a more preferable as compared with the inclusive direct photon production 
process from the viewpoint of extraction of information on the gluon distribution f%(x, Q 2 ) 3 . First of all, it is 
explained by a higher value of a purity of the process (|2J), for which the signal-to-background (S/B) ratios are several 
times higher than S/B ratios to process (fIJ |3 11132) . Secondly, while the cross section for the process (ffl is given as 
an integral over the parton distribution functions (PDF) of a proton f%(x, Q 2 ), the cross section of the process |J2J is 
expressed directly (at Pt 1 > 30/ GeV/c 4 ) through these PDFs: 

*a F a {x ai Q 2 ) x b f b {x b , Q 2 Aa b -> 1 2), (5) 



d m dr) 2 d(m 2 ^" a ^~<"- > di 



For example, the production of Standard Model Higgs boson is mainly caused by gluon-gluon fusion gg — > H over the entire 
mass range 

2 A contribution of another possible NLO channel gg — > gj was found to be still negligible even at LHC energies. 

3 A detailed study of "7 + jet" events and different aspects of their application can be found in )28I29) . 

4 i.e. in the region where "kr smearing effects" should not be important (for example, see 1181 1. 
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where a,b = q,q,g; 1,2 = 5, <?,<?, 7. The incident parton momentum fractions x a ,Xb may be reconstructed from the 
final state photon and jet pseudorapidities 771 = rf , 772 = if et and Pt 1 according to formula 5 

x a ,b = Pt J /Vs- (exp(±7] 1 ) + exp(±r) 2 )). (6) 

Thus, formula (0 with the knowledge of the experimentally determined triple cross section in the intervals of Arf 1 , 
Arf et and (P?) 2 and with account of results of independent measurements of q, q distributions |33| allows the gluon 
distribution fg(x, Q 2 ) to be determined after essential reduction of a background contribution. 

The distributions of the number of signal events remained after application of strict selection criteria, proposed 
in |31II34| , were presented earlier in [29 30,35, 3^1 6 • Those selection criteria allow to reduce considerably the background 
to "j dtr + jet" process $2$ and select the events with a suppressed initial state radiation. Here we present the detailed 
study of background fraction in different x- and Q 2 - intervals and show that "gluonic" subproccss J3J gives a noticeable 
contribution |30| . 

This paper is organized as follows. The main background sources are discussed in section 2. In section 3 we list 
the selection criteria used to enhance the content of the signal events © in the selected data sample. In section 4 
the numbers of the events suitable for an extraction of the gluon distribution function fg(x,Q 2 ) are estimated. The 
contribution of events of other types in different x- and Q 2 - intervals are also shown in this section. A possibility of 
the further background events suppression by an account of the discrimination efficiencies between a single photon 
and 7T°, 77,0; and K® mesons as well as between quark and gluon jets is also demonstrated. 

2 Background sources. 

The background to the events based on the process (0 is mainly caused by: 

— the events with high P t photons produced in the neutral decay channels of Tr°,rj,uj and K® mesons 7 . 

— the events with the photons radiated from a quark (i.e. brcmsstrahlung photons) in the next-to-leading order 
QCD subprocesses of the qg — ► qg, qq — > qq and qq — ► qq scattering |31II32| . 

The background events of the first type will be called below as the "7— mes" events while the events of the second 
type as the "7— brem" ones. A more detailed information about fundamental QCD subprocesses from which originate 
"7 — mes" and "7— 6rem" events is presented in section 3. 

The background may be also caused by "e^ events" which contain one jet and e^ 1 as a direct photon candidate. 
The value of the fraction of these events in the total background was estimated in |31U32| (see also sections 3, 4). 

The background containing the "7 — mes" events can be significantly suppressed by the event selection criteria, 
pointed in |31U32U34j . It may be achieved, first of all, due to very strict photon isolation criteria because a parent 

5 see, for instance, I11I12| . 

6 Analogous estimations for the Tevatron were done in I37I38| . 

7 As it was shown in |39) the charged decay channels of those mesons can be strongly suppressed even without a tracker 
information. 



4 D.V. Bandurin, N.B. Skachkov: On the possibility of measuring the ghion distribution at LHC 

meson (7r° , 77, oj or K®) is usually surrounded by other particles. Additional rejection factors were obtained from a full 
GEANT simulation of the physical processes in the CMS detector 001 where for the Barrel region (|7j| < 1.4) we used an 
information from the electromagnetic calorimeter (ECAL) cells only 8 while for the Endcap region (1.4 < \rj\ <2.5) 
the results of the analysis of hits in the preshower detector 02j were applied. 

An especial attention should be paid to the events containing the bremsstrahlung photons. They are also noticeably 
rejected by the selection cuts but still constitute a significant part of the total background |31U32| . 

The simulation, performed with a help of the Monte Carlo event generator PYTHIA rjU, has shown that in the 
selected "7 + jet" event samples the most part of "7— brem" events contain a gluon jet (see section 4). For this part 
of events, as well as for a part of "7— mes" events with a gluon jet, one can take into consideration the quark/gluon 
separation efficiencies found earlier in |45| 9 . The number of remained background events also must be well estimated 
in order to separate their contribution from one of the "~f dir + jet" events ©. 

10 

3 Definition of selection cuts . 

1. Only the events with one jet and one "7 dlr -candidate" (in what follows we shall denote it also as 7 and call the 
"photon" for brevity) with 

iV et > 30 GeV/c and > 40 GeV/c . (7) 

arc considered here. In the simulation the signal (most energetic 7 or e^ together with surrounding particles) is 
considered as a candidate for a direct photon if it fits into one CMS calorimeter tower having the size of 0.087 x 0.087 
in the rj — <j> space fJOl ■ 

For all applications a jet is defined according to the PYTHIA jetfinding algorithm LUCELL In the rj — cf) space 
the jet cone of radius R counted from the jet initiator cell is taken to be R— ((Arf) 2 + (Z\0) 2 ) 1//2 = 0.7. 

2. To suppress the contribution of background processes, i.e. to select mostly the events with the "isolated" photons 
and to discard the events that fake a direct photon signal, we restrict: 

a) the value of the scalar sum of Pt of hadrons and other particles surrounding a photon within a cone of 
Rl ol = ((A V ) 2 + (Acj)) 2 ) 1 / 2 = 0.7 ("absolute isolation cut") 

]T P t l = Pt ls ° l < Pt l 6uT, (8) 

b) the value of a fraction ( "fractional isolation cut" ) 

J2 PS/PP = ^ < elur- (9) 

ieRisoi 

3. Only the events having no tracks 11 with P t > 1 GeV/c contained inside the cone of R = 0.4 around a 7 dlr -candidatc 
are accepted. 

8 A preshower detector is not foreseen currently in the Barrel region of the CMS detector 1401 . 

9 see also 146147) . 

10 In this section we follow mostly the selection criteria from |31I34| . 

11 i.e. charged particles as we use the PYTHIA level of simulation. 
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4. To suppress the background events with photons resulting from 7r°, 77, to and K s meson decays, we require the 
absence of a high P t hadron in the tower containing the 7 dlr -candidate: 

phadr < ? GeV j^ ( 1Q ) 

At the PYTHIA level of simulation this cut may effectively takes into account the imposing of an upper cut on the 
energy deposited in the cells of hadronic calorimeter (HCAL) that are behind the ECAL signal cells fired by the 
photon. In real experimental conditions one can require for a fraction of the photon energy, deposited in ECAL to be 
greater than some threshold 12 . 

5. We select the events with the vector iV' et being "back-to-back" to the vector Pt 1 (in the plane transverse to the 
beam line) within the azimuthal angle interval A(f> defined by the equation: 

<f> {jijet) = 180° ±A(f>. (11) 

The angle 4>(-y,j e t) between Pt 1 and iV et vectors is calculated from the expression P/PPt^ et = PP ' Pt 3ei 'c° s (4>{j,jet)) 
with Pt 1 = \Pt l \ and Pt jet = \Pt jet \- The value of A(f> may be chosen from the interval 5° -7- 15° for various energies. 

6. We also choose only the events that do not have any other, except one jet, minijet (or cluster) high P t activity with 
the P t clust higher than sonic- threshold PtcuT 

value. Thus, we select events with 

P, dust r> clust /-1 r>\ 

t S i^tcUTi \ lZ ) 

where clusters are found by the same jctfinder LUCELL used to determine the main jet in the event. The most effective 
restrictions are PtouT =5-7-15 GeV/c. Their choice will be caused mostly by the gained statistics and PP value (for 
higher Pp a weaker PPcut 

can be used). 

7. The events containing e ± as a photon candidate are mainly caused by the subprocesses qg — ► q' + and 
g g' -> 3 + with the subsequent decay — > e ± ^. To reduce a contribution from these events |31U32| we shall 
select only events having a small value of missing transverse momentum p t mlss . So, we also use the following cut: 

Pi miss ^ t~> miss /-i o\ 

t S rtcUT- 

Finally, in what follows we shall set the values of the cut parameters (besides those pointed above explicitly) as 
specified below: 

P t %° l } T = 2GeV/c, el UT = 5%, Acf> < 15°, 
PtcuT = 10 GeV/c, P t %& = WGeV/c. (14) 



e.g. to be greater than 0.95 (as it was used at DO |7|) 
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4 Determining the numbers of events and reducing the background. 



To estimate a background to the signal events we have done a simulation using the Monte Carlo event generator 
PYTHIA with a mixture of all existing in PYTHIA QCD and SM subprocesses with large cross sections 13 , including 
subprocesses (0 and (0} 14 . 

The total cross section of the background subprocesses exceeds the cross section of the subprocesses (0 and (T4Jl 
by more than three orders of magnitude. The GRV 94L parameterization of the parton distribution functions is used 
as a default one. 

Five generations (each of about 60-90 million events) with different values of minimal transverse momentum of a 
hard subprocess 15 p™ m were done: p™ m = 40, 70, 100, 140 and 200 GeV/c. The cross sections of the abovementioned 
subprocesses define the rates of corresponding physical events and, thus, appear here as weight factors. The selection 
criteria of section 3 were applied then to the generated events. 

The total numbers of these events, i.e. events originated from subprocesses @ and (0J as well as "7 — brem" and 
"7— ?7ies" events, are presented (being divided by the factor of 10 3 ) in Table^for each a; and Q 2 interval (Q 2 = (P t 7 ) 2 ) 
for the integrated luminosity 16 Li nt = 10 fb~ l . The momentum fractions x a and x\, of the initial state partons were 
calculated via the photon and jet parameters according to formula JBJ |11II12| . The right-hand columns of this table 
shows, for a convenience, the correspondence of Q 2 interval to the Pt 1 interval. 

One can see from Table^that at 40 < Pt 1 < 50 GeV/c the total number of events is about 10 million and it drops 
to 24 200 at 200 < Pt 1 < 283 GeV/c, i.e. with five-fold increase of Pt 7 the spectrum drops about 400 times. 

The contribution from the background a e ± events" was not included in Tabled The number of these type events 
was estimated in |31U32j 17 and found to be very small as compared with other background types. Thus, in what 
follows we shall concentrate on more sizable background. 

Now let us look at the contributions of different event types in various x and Q 2 intervals. The events selected 
after passing the criteria of section 3 were classified in accordance with the origin of the produced 7 dlr -candidates. 
So, we consider separately those that contain the direct photons (produced in subprocesses © and JJJ) and those 
that have 7 dlr -candidates appearing due to the radiation from quarks ("7 — 6rem" events) or from the ir°, 77, u> and 
K® meson decays ("7— mes" events). All these contributions are presented in Tables 1A-4A of Appendix in a form of 
number of events divided by the factor of 10 3 . The numbers of the events based on the Compton © and annihilation 

subprocesses are shown in Tables 1A and 2A while the numbers of the "7 — fcrem" and "7 — mes" events can be 

13 They have ISUB=ll-20, 28-31, 53, 68 according to the process numbers in PYTHIA gl). 

14 with ISUB=14 and 29 in notations of PYTHIA [H. 

15 CKIN(3) parameter in PYTHIA. 

16 This value is intended to be accumulated during one year of LHC running at luminosity L = 10 33 cm~ 2 s~ 1 . 

17 It was found that after application of the selection criteria from section 3 and taking a track finding efficiency to be 

equal to 85% (being averaged over all pseudorapidity range) 1111 a contribution of the e events (having the isolated with 
P t e > 40 GeV/c) to the total background reduces to less than 1% at 40 < P t e < 70 GeV/c and to about 5% at P t e > 100 GeV/c. 
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found in Tables 3A and 4A, respectively 18 . These numbers were obtained after passing the selection criteria of section 
3. The fractions of each event type, calculated for a given interval of Pt 1 , are presented in Fig. [TJi (100% is taken for 
all types of events). 

We see that the main part of the background is due to "7— 6rem" events and the combined contribution of "7— brem" 
and "7— mes" events into the total number of events varies from about 23% at 40 < PP < 50 GeV/c to about 6% at 
100 < PP < 140 GeV/c and drops to 4% at 200 < P^ < 283 GeV/c. 

We would like to stress that the essential point of our analysis is the study of the background contributions after 
application of the cuts for selecting the "7 + jet" events with a limited cluster/minijet activity and a clean 7 — jet 
topology 19 . Only in this case a contribution of "7 — brem" and " 7— mes" events can be decreased noticeably 20 . 

The selection criteria of section 3 are not final and are moderate enough. The results of their application may 
change if we shall vary some cuts. So, for example, a stronger limitation of cluster activity (|12J) by Ptcur = 5 GeV/c 
would lead to a further substantial decreasing of the numbers of "7— brem" and "7— me s" events |3"Tll3lj . 

The contribution of "7— mes" events can be also reduced by the account of the difference between a single photon 
and the 7r°, 77, u and K® meson signals produced in the detector. 

To take into account the discrimination efficiencies between a single photon and the photons produced via multi- 
photon decays of Tr ,7j, uj and K® mesons (e 7 / mes ), the results of papers 021 an d 02] were used. The efficiencies found 
in 02] were obtained by the analysis of the ECAL crystal cells only in the Barrel region (\r}\ < 1.4) while the efficiencies 
in 02] are found from the analysis of hits in the preshower detector in the Endcap region (1.4< \r/\ < 2.5). The results 
of 02] and 02] are briefly the following: the rejection efficiency of the neutral pion is about 49 — 67% (depending on an 
energy) in the Barrel region and it ranges as 45 — 71% for the Endcap region. The single photon selection efficiencies 
( e Lz) were se t to 70% and 91% in the first and second cases respectively 21 . 

The results of applications of the described above 7/meson separation efficiencies to the "7— mes" events themselves 
are placed in Table 8 A (compare with Table 4 A) and in Tables 5A-7A of Appendix for other event types. Thus, we 
see that for the "7 — mes" events the reduction factor of about 2 — 3 for 40 < PC 1 < 100 GeV/c can be obtained with 

18 See also |31I32| for a more detailed information about background composition. 

19 See (311321 where the dy namics of application of the selection criteria is demonstrated. 

20 It was shown in 1311321 that, for instance, at Pp > 100 GeV/c, the application of "photonic" cuts, usually used to select 
inclusive photon "7 + X" events, gives S/B = 1.9 only, while a further account of "hadronic" and topological cuts for selection of 
"7 + jet" events leads to S/B = 17.6, i.e to the increase of S/B by about one order of magnitude (here S is a total contribution 
from the events based on the subprocesses Q and (gj and B is a contribution from the sum of "7— brem" and "7— mes" events) . 
The application of other cuts that limit a Pt activity out of the "7 + jet" system may lead to the following 20 — 30% increase 
of the S/B ratio |31l32l 

21 With the same el el = 70% one can also reject about 90 — 95% of "77— meson events" and 55 — 92% of U K% — meson events" |42| 
in the Barrel region. For the Endcap the respective rejection efficiencies were taken here equal to those obtained for tv° meson. 
At the same time it is worth to note that the main contribution to the "7 — mes" background comes from the "7r°-events" 
(~ 62 - 65% in the interval 40<P t ^<140 GeV/c) 1311321 . 
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a loss of 16 — 19% of events of other types with a single photon in the final state. The total numbers of all events left 
after account of the gT/ mes separation efficiencies are presented in Table |5] 

The physical models implemented in PYTHIA allows to get an idea about a possible origination of the "7 — 5rem" 
and "7 — mes" events. Tables [3] and 0] show the relative contributions of four main (having the largest cross sections) 
fundamental QCD subprocesses qg — > qg, qq — > qq, gg — > 55 and gg — ► 173 into a production of the "7 — 6rem" and 
"7 — mes" events selected with the criteria 1-7 of section 3 for three Pi 7 intervals 22 . One can see from these tables 
that most of "7 — brerri" and "7 — mes" events (from 70 to 80%) still originate from "gluonic" qg — > qg, gg — > qq and 
gg — ► gg subprocesses with dominant contribution from the first subprocess. 

The analysis of the PYTHIA simulation output also shows that practically in all of selected "7— 6rem" events the 
"brcmsstrahhmg photons" are produced in the final state of the fundamental subprocess. They are radiated from the 
outgoing quarks in the case of the first three subprocesses or can appear as the result of string breaking in the case of 
gg — > gg scattering. The last mechanism, naturally gives a small contribution into the "7— 6rem" events production. 
In the first case the selected (see section 3) photon carries away almost all energy of a quark in the final state. The 
events of this kind have mostly a gluon jet (70.6% of events for 40 < Pt 7 < 71 GeV/c interval and 58.7% of events for 
141 < P t 7 < 283 GeV/c) with the photon radiated in back-to-back direction to the jet in </> plane. In the second case 
(gg — > gg based events) a remained jet is practically always of the gluon type. 

As for "7— mes" events, it is naturally to expect that in the events based on the qg — > qg scattering after suppression 
of the cluster activity by the cut p t clust < 10 GeV/c (see l|12|l ) a remained jet can originate with an equal probability 
from a quark as well as from a gluon (50% by 50%) while in the events based on the qq — > qq, gg — > qq (gg — > gg) 
subprocesses the jet is always of the quark (gluon) type. 

Thus, one can conclude that about 73% (40%), 70% (36%) and 59% (33%) of the "7-6rem" ("7- mes") events 
have a gluon jet in the selected one-jet events in P t 7 intervals 40 71, 71 -j- 141 and 141 283 GeV/c, respectively. 

For the following suppression of the contributions from "7 — brem" and "7 — mes" events having a gluon jet in 
the final state one can apply the quark/gluon separation efficiencies (e q / g ) obtained earlier in 05]. The results of |4~5] 
shows that with account of the quark jet selection efficiency of about 65 — 67% it is possible to reject 73 — 81% of 
gluons jets 23 for P t je ' varying from 40 to 200 GeV/c. 

The numbers of different types of events after an account of the both £il mes and t q ^ 9 separation efficiencies are 
presented in Tables 9A-12A of Appendix while their fractions (in %) are shown in Fig. lc. 

By comparing Tables 7A and 11A one can see that the numbers of "7 — brem" events 2 are reduced in 2.5 — 3 
times at the cost of 35% loss of the events based on subprocess Q and their fraction in the total number of events 

The sum over contributions from the four considered QCD subprocesses in some lines of Tables 01 and His less than 100%. 
The remained percentages correspond to other subprocesses (like qq — > qq or qg — > q'W ± ). The errors in those tables are 

statistical and caused by the number of entries for various background types after application of the criteria 1-7 of section 3. 

23 This efficiency slightly depends on the jet transverse momentum Pt* et and pseudorapidity rf &t 1451 . 

24 that are, in fact, irreducible by using only photon information after application of the strong isolation cuts © and 
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becomes about 8% at 40 < P 7 < 50 GeV/c and about 2% at 140 < P f 7 < 200 GeV/c. The total contributions of the 
"j—brem" and "7 — mes" events in the same Pt 1 intervals compose 13.2% and 2.8%, respectively. 

We see also that the account of e q / g separation efficiency reduces a contribution of the events originated from 
annihilation subprocess (0J to the total number of events (especially at higher P t 7 ) to the size of about 3 — 5% over 
all considered Pt 7 range (sec Fig. 1 and Tables 1A-8A). 

The final numbers of all "7 + jet" events for the luminosity P; rlt = 10 fb^ 1 at different x and Q 2 intervals after 
an account of the both separation efficiencies are given in Table We see that after passing all selection cuts and 
application of the e i/ mes an( j e q/g e fg c i enc i es one can get about 5 million events at the 40 < P-C 1 < 50 GeV/c interval, 
about 200 000 at 100 < P{< < 141 GeV/c and about 11 000 at the last considered interval 200 < P t 7 < 283 GeV/c. 
The total expected statistics on the "7 + jet" events, left after account of the ^/ mes and e q l g efficiencies, is about 
9 • 10 6 events. The final contributions of different subprocesses in various x and Q 2 intervals are presented in Tables 
9A-12A. 

5 Conclusion. 

The results presented above show that during one year of the LHC running at low luminosity (L = 10 33 cm~ 2 s~ 1 ) 
one can collect after application of the proposed selection criteria the clean sample of "<-y dlr 4- jet" events with a 
sufficient statistics to determine a gluon density in a proton in new kinematic region of 2 • 10~ 4 < x < 1 and 
1.6 • 10 3 < Q 2 < 2 • 10 5 (GeV/c) 2 . At the same time the combined contribution of "7 — brem" events and "7 — mes" 
events is estimated to be about 23% at 40 < P t 7 < 50 GeV/c and it drops to 4% at 200 < P t 7 < 283 GeV/c (see 
Tables 1A-4A and Fig. [Hi). 

The given estimations on contributions of the "7 — brem" and "7 — mes" events are not final yet. For instance, a 
stronger limitation PtcuT = 5 GeV/c (sec (|T2")l l would lead to a following substantial (about 30%) reduction of their 
contribution |31U32j . 

With an additional account of discrimination efficiencies between single photons and it°,ri,K® mesons as well as 
those between quark and gluon jets |42U43U45j one can increase noticeably the purity of the selected samples of the 
Uydtr _|_ j e £» events (see Tables 9A-12A of Appendix and Fig. 1). A possibility to obtain better background rejection 
factors will depend on the chosen values of single photon and quark jet selection efficiencies 25 which are in their turn 
will be caused by a gained statistics of the "7 + jet" events. 

It is also worth mentioning that a full simulation 26 of the signal and background processes is rather difficult due 
to a very small selection efficiency for the background events (« 0.01 — 0.05% depending on an energy) |31II32| what, 
in its turn, requires huge computational resources to collect the background events statistics sufficient for the analysis. 

25 Let us remind that the single photon selection efficiencies equal to 70% and 91% for the Barrel and Endcap regions and 
quark jet selection efficiencies equal to about 65% were chosen here for the given estimations. 

26 We mean a full simulation of the detector response with the following digitization and reconstruction of signals from physical 
objects. 
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Fig. [21 shows in the widely used (x, Q 2 ) kinematic plot (see also j^Hj) what area can be covered for studying the 
process 7 + q. From this figure (and Tables 1, 2, 5) it becomes clear that even at low LHC luminosity it would 

be possible to study the gluon distribution with a good statistics of "7 + jet" events in the region of small x at values 
of Q 2 that are about 2 orders of magnitude higher than those reached at HERA now. It is worth emphasizing that 
an extension of experimentally reachable region at LHC to the region of lower values of Q 2 , overlapping with the area 
covered by HERA, would be also of a big interest. 
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Fig. 1. The contributions of various events types to the total number of events as a function of P t 7 presented for three cases: 
(a) No separation efficiency is taken into account, (b) e i/ mes separation efficiencies are taken into account and (c) e i/ mea 
and t q l 9 separation efficiencies are taken into account. 
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Table 1. Numbers of all events (divided by 10 3 ) in Q 2 and x intervals for Li n t = 10 fb 



Q 2 


x values of a parton 


All x 




(GeV/c) 2 


10~ 4 -10" 3 


10~ 3 -10" 2 


10~ 2 - 10 _1 


lO^-lO 


10~ 4 -10° 


(GeV/c) 


1600-2500 


1393.6 


4301.1 


4506.8 


481.4 


10682.9 


40-50 


2500-5000 


561.1 


2931.0 


3174.7 


430.4 


7097.2 


50-71 


5000-10000 


61.7 


665.6 


769.6 


196.1 


1693.0 


71-100 


10000-20000 


3.6 


150.3 


178.4 


81.7 


414.0 


100-141 


20000-40000 


0.0 


29.9 


40.9 


25.2 


96.0 


141-200 


40000-80000 


0.0 


5.7 


10.7 


7.8 


24.2 


200-283 




20 007.3 





Table 2. Numbers of all events (divided by 10 3 ) in Q 2 and x intervals for Li nt = 10/6 1 . e T/ mes separation efficiencies are 
taken into account. 



Q 2 

(GeV/c) 2 


x values of a parton 


All x 
10~ 4 -10° 


Pt 1 
(GeV/c) 


10~ 4 -10" 3 


10~ 3 -10~ 2 


10~ 2 - 10 _1 


10 _1 -10° 


1600-2500 


1214.6 


3073.1 


3433.1 


394.5 


8115.4 


40-50 


2500-5000 


502.8 


2220.7 


2478.2 


364.0 


5565.8 


50-71 


5000-10000 


54.1 


532.8 


587.8 


168.7 


1343.7 


71-100 


10000-20000 


3.2 


124.4 


134.6 


70.6 


333.1 


100-141 


20000-40000 


0.0 


25.3 


30.1 


21.8 


77.3 


141-200 


40000-80000 


0.0 


4.9 


7.9 


6.6 


19.4 


200-283 




15 454.7 
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Table 3. Relative contribution (in per cents) of main QCD subprocesses into the "7 — brem" events production. 



p t 7 

(GeV/c) 


fundamental QCD subprocess 


qg -> qg 


qq qq 


gg -> qq 


gg -> gg 


40-71 


70.6± 8.7 


21. 1± 3.8 


5.1± 1.6 


2.6± 1.0 


71-141 


67.5± 7.3 


23.6± 3.5 


4.2± 1.2 


2.6± 0.9 


141-283 


58.7± 9.0 


30.7± 5.7 


1.8± 1.0 





Table 4. Relative contribution (in per cents) of main QCD subprocesses into the "7 — mes" events production. 



p t 1 

(GeV/c) 


fundamental QCD subprocess 


qg -> qg 


qq ->■ qq 


55 ->■ 99 


55 -> 55 


40-71 


65.2± 9.9 


20. i± 4.5 


7.1± 2.5 


7.2± 2.3 


71-141 


63.7±11.6 


23.0± 5.2 


7.2± 2.6 


4.4± 1.4 


141-283 


57.7±26.2 


23.1±13.9 


7.7± 6.9 


3.8± 4.6 



Table 5. Numbers of all events (divided by 10 3 ) in Q 2 and x intervals for Li„t = 10/6 1 . t i/ mes anc l € i/s separation efficiencies 
are taken into account. 



Q 2 

{GeV/c) 2 


x values of a parton 


All x 

io- 4 -io° 


p t 7 

(GeV/c) 


10" 4 -10~ 3 


10" 3 -10~ 2 


10~ 2 - 10 _1 


10 _1 -10° 


1600-2500 


721.3 


1858.7 


2052.9 


217.6 


4850.5 


40-50 


2500-5000 


302.3 


1314.1 


1449.4 


206.2 


3271.9 


50-71 


5000-10000 


31.5 


320.0 


350.0 


99.9 


801.5 


71-100 


10000-20000 


1.9 


74.4 


81.1 


41.8 


199.1 


100-141 


20000-40000 


0.0 


14.9 


18.2 


12.6 


45.6 


141-200 


40000-80000 


0.0 


2.9 


4.5 


3.8 


11.2 


200-283 




9 179.8 
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Appendix 



Table 1A. Numbers of "qg — * q + 7" events (divided by 10 3 ) in Q 2 and x intervals at Li„t = 10 fb 



Q 2 

(GeV/cf 


x values of a parton 


All x 

io- 4 -io° 


10" 4 -10~ 3 


lO^-lO - * 


10~ 2 - 10 _I 


lO^-lO 


1600-2500 


1040.3 


3128.7 


3202.5 


275.6 


7647.1 


2500-5000 


451.2 


2185.8 


2326.8 


280.8 


5244.6 


5000-10000 


45.4 


545.5 


611.8 


151.6 


1354.4 


10000-20000 


2.9 


125.5 


151.1 


66.7 


346.2 


20000-40000 





24.6 


35.2 


19.9 


79.6 


40000-80000 





4.7 


8.5 


6.2 


19.4 


Numbers of "qq — > 7 + g" events (divided by 10 3 ) in Q 2 and x intervals at Li nt = 


Q 2 

(GeV/c) 2 


x values of a parton 


All x 
10" 4 -10° 


10~ 4 -10~ 3 


10~ 3 -10 _:J 


10~ 2 - 10 _I 


10 _i -10 u 


1600-2500 


120.3 


190.2 


236.8 


50.5 


597.8 


2500-5000 


43.1 


239.7 


250.1 


35.3 


568.2 


5000-10000 


7.7 


60.5 


69.0 


20.5 


157.7 


10000-20000 


0.7 


16.9 


15.9 


10.3 


43.8 


20000-40000 





4.2 


4.4 


4.2 


12.8 


40000-80000 





0.9 


1.8 


1.4 


4.1 


L Numbers of "7 — brem" events (divided by 10 3 ) in Q 2 and x intervals at Lint = 


Q 2 

{GeV/cf 


x values of a parton 


All x 

io- 4 -io° 


10" 4 -10" 3 


lO^-lO"^ 


IQ- 2 - 10 _i 


lO^-lO" 


1600-2500 


143.6 


508.5 


578.3 


104.8 


1335.3 


2500-5000 


51.3 


328.2 


432.1 


94.8 


906.5 


5000-10000 


4.3 


42.0 


59.0 


13.7 


119.0 


10000-20000 





5.2 


9.2 


2.8 


17.2 


20000-40000 





0.9 


0.9 


1.0 


2.8 


40000-80000 





0.1 


0.4 


0.2 


0.7 



Table 4A. Numbers of 



-mes" events (divided by 10 3 ) in Q 2 and x intervals at L; nt = 10 fb 



Q 2 

{GeV/c) 2 


x values of a parton 


All x 


10" 4 -10" 3 


IQ-i-lQ- 2 


IQ~ 2 - 10 _i 


lO^-lO" 


io- 4 -io° 


1600-2500 


89.3 


473.6 


489.1 


50.5 


1102.4 


2500-5000 


15.5 


177.3 


165.6 


19.4 


377.7 


5000-10000 


4.3 


17.6 


29.5 


10.3 


61.6 


10000-20000 





2.6 


2.2 


1.9 


6.7 


20000-40000 





0.2 


0.4 


0.2 


0.8 


40000-80000 








0.02 


0.01 


0.03 
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Table 5A. Numbers of a qg — > q + 7" events (divided by 10 3 ) in Q 2 and x intervals at Lint = 10 fb' 1 . e T/ mes separation 

efficiencies are taken into account. 



Q 2 

(GeV/cf 


x values of a parton 


All x 

io- 4 -io° 


10 _4 -10~ 3 


10 _3 -10 _:i 


10~ 2 - 10" 1 


10 _1 -10 u 


1600-2500 


945.0 


2387.4 


2608.6 


246.7 


6187.8 


2500-5000 


410.5 


1723.1 


1865.0 


253.0 


4251.7 


5000-10000 


41.3 


443.2 


475.5 


134.6 


1094.6 


10000-20000 


2.6 


105.0 


114.5 


58.7 


281.0 


20000-40000 





20.9 


25.9 


17.3 


64.2 


40000-80000 





4.0 


6.3 


5.3 


15.7 



Table 6A. Numbers of u qq — » 7 + g" events (divided by 10 3 ) in Q 2 and x intervals at Lint = 10/6 1 . e T/ mes separation 

efficiencies are taken into account. 



Q 2 

(GeV/c) 2 


x values of a parton 


All x 


10~ 4 -10~ 3 


10~ 3 -10~ 2 


10~ 2 - 10 _I 


10 _i -10 u 


10~ 4 -10° 


1600-2500 


109.5 


142.9 


192.6 


451.0 


490.2 


2500-5000 


39.2 


185.1 


196.8 


29.7 


451.0 


5000-10000 


7.0 


48.7 


54.1 


17.9 


127.8 


10000-20000 


0.6 


13.8 


12.1 


8.8 


35.4 


20000-40000 





3.5 


3.2 


3.5 


10.2 


40000-80000 





0.7 


1.3 


1.1 


3.2 



Table 7A. Numbers of "7 — brern" events (divided by 10 3 ) in Q 2 and x intervals at Li„ t = 10 fb 1 . e ~>/ mea separation 

efficiencies are taken into account. 



Q 2 

(GeV/c) 2 


x values of a parton 


All x 

io- 4 -io° 


10" 4 -10" 3 


10" 3 -10~ 2 


10 -2 - 10" 1 


10 -i -10 u 


1600-2500 


129.9 


394.3 


476.6 


87.2 


1088.0 


2500-5000 


46.7 


258.5 


359.8 


74.8 


739.8 


5000-10000 


3.9 


34.0 


47.1 


11.7 


96.6 


10000-20000 





4.4 


7.1 


2.4 


13.9 


20000-40000 





0.8 


0.7 


0.9 


2.4 


40000-80000 





0.1 


0.3 


0.2 


0.6 



Table 8A. Numbers of "7 — mes" events (divided by 10 3 ) in Q 2 and x intervals at Li„t = 10 fb 1 . e ~*/ mea separation 

efficiencies are taken into account. 



Q' 2 

(GeV/c) 2 


x values of a parton 


All x 
10" 4 -10° 


10" 4 -10~ 3 


10" 3 -10~ 2 


10~ 2 - 10" 1 


lO^-lO" 


1600-2500 


30.2 


148.5 


155.2 


15.4 


349.4 


2500-5000 


6.4 


53.9 


56.6 


6.4 


123.3 


5000-10000 


1.9 


6.9 


11.2 


4.6 


24.6 


10000-20000 





1.1 


0.9 


0.8 


2.8 


20000-40000 





0.1 


0.3 


0.1 


0.5 


40000-80000 








0.01 


0.01 


0.02 
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Table 9A. Numbers of u qg -> q + 7" events (divided by 10 3 ) in Q 2 and x intervals at L int = 10 /6" 1 . e ' l/rnes and e q/a 

separation efficiencies are taken into account. 



Q 2 

(GeV/c) 2 


x values of a parton 


All x 


10 _4 -10 -3 


io _3 -io- 2 


10" 2 - 10 _i 


lO^-lO" 


io- 4 -io° 


1600-2500 


623.7 


1575.7 


1721.7 


162.8 


4084.0 


2500-5000 


271.0 


1137.3 


1230.9 


167.0 


2806.2 


5000-10000 


27.3 


292.5 


313.8 


88.9 


722.5 


10000-20000 


1.7 


69.4 


75.6 


38.7 


185.5 


20000-40000 


0.0 


13.8 


17.1 


11.5 


42.4 


40000-80000 


0.0 


2.7 


4.2 


3.5 


10.4 



Table 10A. Numbers of "qq -^7 + 3" events (divided by 10 3 ) in Q 2 and x intervals at L int = 10 /ft -1 . e ~ l/mea and e q/q 

separation efficiencies are taken into account. 



Q 2 

(GeV/cf 


x values of a parton 


All x 

io- 4 -io° 


10~ 4 -10~ 3 


10" 3 -10~ 2 


10~ 2 - 10 _I 


10 _i -10 u 


1600-2500 


29.1 


37.8 


51.0 


12.0 


129.9 


2500-5000 


9.9 


46.2 


48.9 


7.5 


112.4 


5000-10000 


1.5 


10.7 


11.9 


3.9 


27.9 


10000-20000 


0.1 


2.6 


2.3 


1.7 


6.7 


20000-40000 


0.0 


0.7 


0.6 


0.7 


1.9 


40000-80000 


0.0 


0.1 


0.2 


0.2 


0.6 



Table 11A. Numbers of "7-6rem" events (divided by 10 3 ) in Q 2 and x intervals at L int = 10 /ft -1 . e ^/ mes and e q/g 

separation efficiencies are taken into account. 



Q 2 

(GeV/c) 2 


x values of a parton 


All x 

io- 4 -io° 


10" 4 -10~ 3 


10" 3 -10~ 2 


10~ 2 - 10 _I 


10 _i -10 u 


1600-2500 


48.5 


147.1 


177.8 


32.5 


406.0 


2500-5000 


17.2 


95.0 


132.2 


27.5 


272.0 


5000-10000 


1.4 


12.2 


17.0 


4.2 


34.8 


10000-20000 


0.0 


1.6 


2.6 


0.9 


5.1 


20000-40000 


0.0 


0.3 


0.3 


0.3 


0.9 


40000-80000 


0.0 


0.0 


0.1 


0.1 


0.2 



Table 12A. Numbers of "7-mes" events (divided by 10 3 ) in Q 2 and x intervals at L mt = 10 fb" 1 . e T/ mes and e q/a 

separation efficiencies are taken into account. 



Q 2 

(GeV/c) 2 


x values of a parton 


All x 


10" 4 -10~ 3 


10" 3 -10~ 2 


10~ 2 - 10" 1 


lO^-lO" 


io- 4 -io° 


1600-2500 


19.9 


98.0 


102.5 


10.2 


230.6 


2500-5000 


4.2 


35.6 


37.4 


4.2 


81.4 


5000-10000 


1.3 


4.6 


7.4 


3.0 


16.2 


10000-20000 


0.0 


0.8 


0.6 


0.5 


1.9 


20000-40000 


0.0 


0.1 


0.2 


0.1 


0.3 


40000-80000 


0.0 


0.0 


0.01 


0.01 


0.02 



